Lantibiotics are bacteriocin-like antimicrobial peptides that are characterized by the presence of lanthionine and ␤-methyllanthionine, which form intramolecular thioether rings and which originate from posttranslational modifications of serine, threonine, and cysteine residues (17, 32, 34) . Nisin, which is produced by Lactococcus lactis subsp. lactis, is the most prominent member of this group of peptide antibiotics and is widely used as a natural food preservative (10) . Epidermin (1), subtilin (11) , and Pep5 (28) are additional well-studied lantibiotics, which act primarily by forming pores in the bacterial membrane (21, 30, 32) . In contrast to the activities of the type A lantibiotics mentioned above, the primary activity of the compact, globular, type B lantibiotics, such as duramycin, actagardine, and mersacidin, appears to be directed towards inhibition of specific enzyme functions (6, 32, 48) .
All lantibiotics are ribosomally synthesized as prepeptides that consist of an N-terminal leader sequence, which is removed during biosynthesis, and a C-terminal propeptide region. Modification of the propeptide region includes (i) dehydration of specific serine and/or threonine residues, which results in the formation of 2,3-didehydroamino acids, and (ii) addition of thiol groups of cysteine residues to the double bonds of some of these amino acids, which yields the lanthionine and ␤-methyllanthionine residues (14, 32, 34) . These unique biosynthetic reactions are catalyzed by the proteins LanB and LanC, respectively (32) . The lanB and lanC genes are normally located close to the structural gene for the prelantibiotic (lanA) and to other genes necessary for lantibiotic production and secretion. The other genes often include genes for a transporter belonging to the ABC transporter family (lanT), a subtilisin-like protease (lanP), a protein or peptide involved in producer self-protection (immunity) (lanI), and proteins similar to members of the family of two-component regulatory proteins (lanR, lanK) (19, 22, 32) . Not all of these genes have been detected in all gene clusters, indicating that some of the accessory genes may be located outside the gene cluster or that the gene functions can be provided by hostencoded proteins having similar activities.
Several expression systems for production of lantibiotics have been constructed in order to improve the peptides used in certain applications and to study structure-function relationships (32) . While it was possible to produce a large number of mutated peptides, it became obvious that the biosynthetic machinery, including the producer self-protection system, has restrictions concerning which modifications are tolerated (5) . Thus, we decided to try to learn more about the interdependence of the structure of lantibiotics, their immunity peptides, and biosynthesis enzymes by analyzing naturally occurring related lantibiotics. Here we describe isolation and characterization of epicidin 280, which is related to the lantibiotic Pep5; the strain which produces epicidin 280, Staphylococcus epidermidis BN 280, exhibits cross-immunity to Pep5. The biosynthetic gene cluster of epicidin 280 includes eciI, eciA, eciP, eciB, and eciC, which are sufficient to produce epicidin 280 in the heterologous host Staphylococcus carnosus TM 300. An additional gene, tentatively designated eciO, codes for an enzyme that is very similar to proteins belonging to the oxidoreductase family; this enzyme could catalyze an N-terminal modification of epicidin 280. As in Pep5, epilancin K7 (39) , and lactocin S (37), the first amino acid of epicidin 280 after maturation (i.e., after dehydration of hydroxyl amino acids and proteolytic cleavage) is a didehydro residue. Didehydro residues have been found to be unstable when they are N-terminally exposed after processing (34) and to deaminate to oxoacyl residues. In epilancin K7 the N-terminal oxopropionyl is subsequently reduced to 2-hydroxypropionyl, a modification for which no dedicated biosynthetic gene has been found so far. The newly identified oxidoreductase, EciO, seems to be involved in a similar reduction of an N-terminal oxopropionyl residue in epicidin 280.
MATERIALS AND METHODS
Bacterial strains, culture conditions, and detection of antibacterial activity. S. epidermidis BN 280, which produces epicidin 280, was maintained as a glycerol stock culture at Ϫ70°C and was grown on tryptone soy agar (Difco, Augsburg, Germany) supplemented with 20 g of tetracycline per ml or in tryptone soy broth (TSB) at 37°C. Recombinant bacteria were plated onto tryptone soy agar containing 40 g of ampicillin per ml or 20 g of chloramphenicol per ml; pUC18 ϩ (Pharmacia, Uppsala, Sweden) and pCU1 (2) were used as cloning vectors. The level of antibacterial activity was determined by the deferred antagonism test (28) , and the MICs of the purified peptides were determined as previously described (4) . The following strains were used as indicators: S. epidermidis 5 (the wild-type producer of Pep5), S. epidermidis 5 Pep5
Ϫ (a variant of S. epidermidis 5 that has been cured of the plasmid which carries the Pep5 gene cluster; 8), S. epidermidis 280 (the wild-type producer of epicidin 280), Micrococcus luteus ATCC 4698, S. carnosus TM 300 (33) , and Staphylococcus simulans 22 (28) .
Purification of epicidin 280. Epicidin 280 was purified by using the method described previously for Pep5 purification (28) . Two-liter TSB cultures were inoculated with 200 l of a S. epidermidis BN 280 overnight culture and incubated at 37°C for 18 to 22 h. The antibacterial polypeptide was purified from the supernatant by hydrophobic interaction chromatography (Serdolit AD-2; Serva, Heidelberg, Germany), cation-exchange chromatography (CM Sephadex C-25; Pharmacia), and reverse-phase high-pressure liquid chromatography (HPLC) as described previously (23) . Active fractions were rechromatographed and lyophilized before they were used for mass spectrometry, amino acid analysis, and MIC determinations.
Mass spectrometry and amino acid analysis. The lyophilized fractions were analyzed with a model API III triple quadrupole mass spectrometer equipped with an IonSpray source (Sciex, Thornhill, Canada) (44) . The amino acid composition was analyzed by precolumn derivatization with o-phthaldialdehyde (29) . For proteolytic cleavage with chymotrypsin, 1 mg of purified peptide was incubated at 26°C in the presence of 15 g of chymotrypsin (Sigma, Munich, Germany) in 0.2 M ethylmorpholine buffer (pH 8)-2 mM dithioerythreitol for 15 min.
Peptide sequencing. Prior to analysis with a model 476A protein sequencer (Applied Biosystems, Weiterstadt, Germany), purified epicidin was modified by using a three step procedure that included thiol addition, peroxidation with trifluoroperacetic acid, and a second thiol addition (24) .
Molecular cloning and DNA preparation. DNA was isolated by previously described procedures by using different DNA purification kits (Qiagen, Hilden, Germany). Restriction digestion and DNA ligation were performed by following the recommendations of the supplier (Boehringer, Mannheim, Germany). Cells of Escherichia coli JM 109 or TB1 (15, 46) were transformed by electroporation with a Bio-Rad Gene Pulser (Bio-Rad, Mississauga, Canada) as described previously (23) . A 1.9-kb DNA fragment which harbored eciIAP and the beginning of eciB was excised from pEH3 ( Fig. 1) by digestion with RcaI (made blunt with the Klenow fragment) and XbaI. This fragment was cloned into pEH1 ( Fig. 1) , which contained the downstream part of the epicidin gene cluster, after digestion with SalI (made blunt with the Klenow fragment) and XbaI. The resulting insert harbored eciIAPBC and was ligated into the shuttle vector pCU1 after EcoRIPstI digestion. S. carnosus TM 300 was transformed with pAH2 ( Fig. 1) by the protoplast transformation method (4).
The oligonucleotides used for PCR and sequencing were obtained from Eurogentec (Seraing, Belgium) or MWG Biotech (Ebersberg, Germany) or were prepared with a model 391 PCR Mate (Applied Biosystems). Southern blotting of S. epidermidis BN 280 DNA was performed with digoxigenin-labeled (Boehringer) oligonucleotides designed to detect different overlapping parts of the epicidin 280 gene cluster.
DNA sequence determination and analysis. Double-stranded DNA was sequenced either by Sequiserve (Vaterstetten, Germany) or with a model A.L.F. DNA sequencer (Pharmacia Biotech, Uppsala, Sweden). The BLITZ@EMBL-Heidelberg service and ClustalW (1.4) software were used to perform a sequence analysis.
Nucleotide sequence accession number. The nucleotide sequence determined in this study has been deposited in the EMBL data library under accession no. Y14023.
RESULTS
Purification of epicidin 280. Epicidin 280 was purified from supernatants of 2-liter TSB cultures of S. epidermidis BN 280 by using a method originally developed for isolation of Pep5 (28) . The final purification step on a C 18 reverse-phase HPLC column yielded two distinct active peaks eluting at 32 and 34% acetonitrile (Fig. 2 , peaks I and II, respectively).The average molecular masses of the peak I and II compounds were 3,136 Ϯ 1.5 and 3,133 Ϯ 1.5 Da, respectively, as determined by mass spectrometry. Typically, we obtained 500 g of pure peptide per liter of culture supernatant.
Amino acid composition and sequence. The amino acid compositions of the intact peak I peptide and its chymotrypsin fragments are shown in Table 1 ; the data obtained for peak II were identical. The chymotrypsin fragmentation data were useful for elucidation of the structure of Pep5, when fragmentation produced two fragments having similar sizes (18); a chymotrypsin fragmentation analysis was performed for epicidin 280 to localize the unmodified serine residue found in the peptide hydrolysate and to obtain information concerning whether there is a thioether bridge connecting the two fragments or whether a Pep5 type of bridging pattern is present. As has been observed with several other lantibiotics, N-terminal sequencing failed. However, after the peptide was subjected to a series of modification reactions designed to overcome lantibiotic sequence blocks (24), the following sequence was obtained: XLGPAIKAXRQVXPKAXRFVXVXXKKXDXQ, where X is either serine, threonine, or cysteine (these amino acids usually undergo modifications in lantibiotics). The results obtained agree well with the nucleotide sequence of the structural gene (see below) and show that epicidin 280 contains three lanthionine-methyllanthionine residues. Also, a Pep5 type of bridging pattern is probably present (Fig. 3A) , as the positions of the modified residues are comparable and two Pep5-like chymotrypsin fragments were obtained (18) . This precludes the possibility of a head-to-tail bridge and makes involvement of threonine 17 in bridge formation unlikely; previous studies indicated that cleavage of Pep5 by the endopeptidase ArgC does not occur when a bridge is in close proximity (5) .
MICs of epicidin 280 compared to those of Pep5 and K18P Pep5. Epicidin 280 exhibited the same spectrum of activity as Pep5 but was less active against the indicator strains by factors ranging from 8 to 64 (Table 2) . With both peptides, S. carnosus TM 300 was the most sensitive strain tested; the MICs were 1.0 and 175 ng/ml for Pep5 and epicidin 280, respectively.
S. epidermidis BN 280 and S. epidermidis 5, the strain which produces Pep5, exhibited cross-immunity in the deferred antagonism test; i.e., there were no inhibition zones when both strains were cross-tested as producer and indicator strains. The MICs obtained with purified peptides were 1 g of Pep5 per ml for S. epidermidis BN 280, 70 g of epicidin 280 per ml for S. epidermidis 5, and 9.7 g of epicidin 280 per ml for the Pep5-sensitive strain S. epidermidis 5 Pep Ϫ , a variant of S. epidermidis 5 which has lost the biosynthetic gene cluster. These data support the cross-immunity test results and show that the immunity peptide PepI is to some extent effective against epicidin 280. The MICs for epicidin 280 peak I and peak II differed by a factor of two for each test strain, indicating that the peak I peptide has a slightly higher specific activity.
Identification and cloning of the epicidin 280 gene cluster. Attempts to construct a gene probe from the amino acid sequence information failed; in retrospect, this can be explained by codon usage in the segment of eciA that is unusual for staphylococci. The epicidin 280 gene cluster was then identified by PCR by using the following primers which hybridize with conserved sequence motifs of lanB and lanC (36), respectively: 5Ј-GAAA(CT)(AT)TATAGATATGGTGG-3Ј for the LanB consensus sequence ETYRYGG and 5Ј-CCATA(AG)C ACCAAGCATCTCT-3Ј for the LanC consensus sequence RDAWCYG. The reaction yielded a 1.2-kb PCR product when plasmid DNA of S. epidermidis BN 280 was used as the template, demonstrating that the epicidin 280 gene cluster is plasmid encoded. Determination of the nucleotide sequence of this PCR product allowed synthesis of an additional oligonucleotide (5Ј-TTATCTGACATTTCTCAC-3Ј), which hybridized with a 3.9-kb EcoRI-XbaI fragment of plasmid pCH01. S. epidermidis BN 280 was found to contain five plasmids, the largest of which is pCH01 (length, Ͼ40 kb). Additional fragments were cloned by using the same approach.
A total of 7.4 kb of DNA comprising the complete nucleotide sequence of the epicidin 280 gene cluster was sequenced (Fig. 1 
a Amino acid composition based on translation of the eciA nucleotide sequence.
b The intact peptide was analyzed twice by using different purified batches. The peak II peptide was analyzed in parallel and gave identical results.
c Fragments 1 and 2 resulted from chymotrypsin digestion of epicidin 280 peak I. The numbers of amino acid residues were determined from the molar ratios relative to arginine and isoleucine.
d ND, not detectable after o-phthaldialdehyde derivatization. e Lan/MeLan, lanthionine-␤-methyl-lanthionine. Pep5 gene cluster; these open reading frames code for putative proteins with high levels of amino acid sequence similarity to the lantibiotic biosynthetic proteins PepI, PepA, PepP, PepB, and PepC. The first of these genes, eciI, codes for a 62-aminoacid (7-kDa) peptide which is the only homolog of PepI (26) identified so far. The similarity of this peptide to PepI (level of similarity, 74.2%) (Fig. 4A) and the cross-immunity, as determined by the deferred antagonism test, suggest that EciI acts as an immunity peptide against epicidin 280 and that the producer self-protection mediated by EciI should be based on the same molecular mechanism as the producer self-protection mediated by PepI. In addition, EciI exhibits a significant level of similarity (42.1%) to the product of ORF57 (Fig. 4A) , an open reading frame in the gene cluster of the lantibiotic lactocin S (38) , and a significant level of similarity (42.9%) to the immunity peptide of the nonlantibiotic bacteriocin divergicin (45) of Carnobacterium divergens (Fig. 4B) . Together with PepI, these peptides form a new group of immunity peptides which is obviously not restricted to lantibiotics. However, it is interesting that the lantibiotic immunity peptides belonging to this new group are found solely in strains having intracellular leader peptidases, whereas strains with extracellular processing obviously need another type of producer self-protection. The start codon of eciA is located 64 bp downstream of eciI. A total of 58.9% (33 of 56) of the amino acids of EciA are identical to PepA amino acids, and the overall level of similarity is 75.0%. Both leader peptides consist of 26 amino acids, whereas the propeptide region of epicidin 280 is four amino acids shorter than the propeptide region of PepA (Fig. 3A) . This deletion considerably shortens the flexible central part of epicidin 280 compared to Pep5. Moreover, a proline is located in this part of the peptide. These differences may be responsible for the reduced antibiotic activity of epicidin 280 compared to Pep5. The primary gene product, EpiA, differs in another remarkable way from the nisin type A lantibiotic prepeptides; position 2 of the leader peptide is occupied by an alanine residue instead of a proline residue, a residue which has previously been observed to be strictly conserved in this group of lantibiotics (Fig. 3B) (7) . However, site-directed mutagenesis in the nisin leader peptide and molecular modelling of the interaction between the prepeptide and the leader peptidase have shown that the conserved proline is not essential for cleavage of the leader peptide of nisin (42) .
Following eciA, eciP is 87 bp downstream of the stop codon of eciA and overlaps (by 11 bp) the open reading frame of eciB, which in turn extends 13 bp beyond a potential start codon for eciC. A gene locus for an ABC transporter, which has been found in all lantibiotic gene clusters identified previously, is missing in the epicidin 280 gene cluster. EciB (976 amino acids, 117 kDa), EciC (397 amino acids, 45 kDa), and EciP (300 amino acids, 34 kDa) are very similar to the respective Pep5 biosynthetic enzymes (levels of sequence similarity, 68 to 75%). Therefore, analogous to the Pep5 biosynthetic enzymes, EciB and EciC are probably the dehydrating and thioetherforming enzymes, respectively, and EciP should be a cytoplasmic, subtilisin-like protease which removes the leader peptide (23). In Fig. 5 the amino acid sequences of EciB, EciC, and EciP are compared with the sequences of the respective proteins produced by the Pep5 gene cluster and with consensus sequences deduced from all LanB, LanC, and LanP proteins identified so far (36) . All residues which are thought to be involved in catalytic activity are conserved in the three epicidin biosynthesis proteins; a few motifs have single amino acid substitutions, but the overall level of similarity is high. Some characteristic amino acid differences found only in the Pep5 biosynthetic proteins are conserved in the respective epicidin 280 biosynthetic proteins (e.g., Tyr in the fifth conserved PepB and EciB motif and Glu in the second conserved PepC and EciC motif).
Upstream of eciI there is an open reading frame (designated eciO) which ends 75 bp upstream of the eciI start codon. eciO encodes a putative 247-amino-acid (27-kDa) protein that exhibits 48% sequence similarity to and 35% identity with a hypothetical Bacillus subtilis oxidoreductase (47) (EMBL data bank accession no. P42317). Sequence alignment revealed that EciO belongs to the short-chain dehydrogenase-reductase protein family (Fig. 6) (16) . Most of the proteins in this family catalyze the first reduction step in the fatty acid biosynthesis pathway. In this reaction a 3-oxoacyl acyl carrier protein is reduced to a (3R)-3-hydroxyacyl acyl carrier protein, and NADPH acts as a coenzyme (3). The proposed N-terminal NADP binding site (GlyXXXGlyXGly motif) and the active site (Tyr-151, Lys-155) of these enzymes were identified in EciO by sequence alignment.
Approximately 850 bp upstream of eciO on the complementary strand we located a gene which encodes a putative transposase with a high level of sequence similarity to the 224-amino-acid transposase for insertion-like element IS431MEC and for IS257 in transposon Tn4003 of Staphylococcus aureus (9, 27) . This gene is preceded by an inverted repeat characteristic of IS257. Such insertion sequences are common in staphylococcal plasmids and are often associated with genes which confer resistance to several substances, such as trimethoprim or tetracycline (9) .
We predicted that there are two potential hairpins immediately downstream of eciA (free energy value, Ϫ55.9 kJ/mol) and downstream of eciC (free energy value, Ϫ71.6 kJ/mol) (Fig. 1) , which is again in good agreement with the Pep5 gene cluster data (23) . The latter hairpin could serve as a transcriptional terminator, whereas the former may allow partial readthrough.
Heterologous expression of epicidin 280. In order to show that the genes identified are sufficient for epicidin 280 production and to obtain information concerning whether eciO is involved in modification of the lantibiotic, S. carnosus TM 300 was transformed with a recombinant plasmid containing eci-IAPBC. The resulting clones produced epicidin 280, and the peptide yields were comparable to those of the wild-type producer. In contrast to S. epidermidis 280, heterologous expression gave rise to only one antimicrobial peptide, which eluted at 34% acetonitrile during reverse-phase HPLC. This peak apparently corresponds to the second peak identified during separation of the wild-type peptides; its molecular mass was determined to be 3.135 Ϯ 1.5 Da. Thus, EciO is obviously not essential for production of active epicidin 280 in general but is essential for formation of one of the two active forms of this lantibiotic.
DISCUSSION
Epicidin 280 is a novel 30-amino-acid lantibiotic with 75% sequence similarity to the type A lantibiotic Pep5 (23), a tricyclic, 34-amino-acid peptide with a molecular mass of 3,488 Da (Fig. 3A) . The epicidin 280 biosynthesis gene cluster, eci-IAPBC, is organized in the same order on plasmid pCH01 of S. epidermidis BN 280 as the pepIAPBC genes of the Pep5 gene cluster found on plasmid pED503 of S. epidermidis 5 (23). An ABC transporter, which typically is involved in export of lantibiotics, is missing in the epicidin gene cluster. Although it is possible that a gene for a dedicated epicidin 280 exporter is not located in the vicinity of the epicidin 280 gene cluster, we presume that a nondedicated host transporter takes over this function (4, 12, 13) . This assumption is based on previous deletion studies performed with the Pep5 gene cluster. It was observed that in the absence of PepT, the Pep5 production rate was not zero but decreased to about 10 to 30% of the wild-type rate (4) . Under the same growth conditions, the epicidin 280 yields obtained in this study (0.5 mg/liter) are more comparable to the PepT deletion yields than the Pep5 wild-type producer yields (60 to 100 mg/liter). In addition, the epidermin gene cluster from the wild-type producer S. epidermidis Tü3298 contains the gene epiTЈTЉ, which is inactivated by two internal deletions and a frameshift mutation. Complementation with gdmT, an intact transporter gene of the homologous gallidermin gene cluster, enhances epidermin production 2-fold in the wild-type strain and up to 10-fold when the epidermin gene cluster is expressed in the heterologous host S. carnosus TM 300 (25) .
We identified in the epicidin 280 gene cluster a putative oxidoreductase gene (eciO) just upstream of eciI at the site where the transporter gene pepT is located in the Pep5 gene cluster; in contrast to pepT, eciO is located on the same strand as the rest of the gene cluster. A sequence comparison clearly identified EciO as an oxidoreductase which could reduce an N-terminal oxopropionyl residue in epicidin 280. Such residues occur in lantibiotics when dehydrated serine or threonine residues occupy position ϩ1 of the prepeptide. Proteolytic removal of the leader peptide leads to N-terminal dehydroalanine or dehydrobutyrine residues, which are not stable and spontaneously deaminate to oxopropionyl or oxobutyryl residues like those found in Pep5 (18) , epilancin K7 (39), and lactocin S (37) . In epilancin K7, the oxopropionyl residue was found to be reduced to the respective hydroxypropionyl group, and this led to speculation concerning whether there is a dedicated oxidoreductase present and necessary for this reaction (39) . However, a gene for such an enzyme was not found in the direct vicinity of the epilancin K7 structural gene, elkA, although the sequence information for the epilancin K7 gene cluster is only fragmentary so far. Therefore, it was suggested that the N-terminal oxopropionyl residue may be the coinci- (47) . The asterisks indicate conserved residues, and conservatively exchanged residues are indicated by dots; amino acids that may have catalytic relevance are indicated by shading. dental substrate of a nondedicated oxidoreductase (39) . The presence of eciO strongly suggests that such an enzyme has a dedicated function. Moreover, the presence of eciO could explain why we obtained two different epicidin 280 molecules which differ in mass by approximately 3 Da. Even given the statistical error of the mass determination (Ϯ1.5 Da), it is conceivable that we obtained the oxopropionyl and 2-hydroxypropionyl forms of epicidin 280. Structural variations that could explain the occurrence of two peptide peaks, such as the formation of different bridging patterns, could not account for the observed difference in mass; besides, such variations should certainly result in significant changes in biological activities, whereas the activities of the two peptides differ by a factor of only two for all of the indicators tested.
Introduction of eciIAPBC into the heterologous host S. carnosus TM 300 revealed that these genes are sufficient to direct epicidin 280 production in this host. Apparently, epicidin 280 production does not depend on additional factors, such as two-component regulatory systems and dedicated ABC transporters; alternatively, the functions of these factors are provided by the S. carnosus host strain. Heterologous expression in the absence of eciO yielded only one epicidin 280 peptide peak. This may indicate that in the wild-type strain, epicidin 280 is produced as a mixture of peptides that have oxopropionyl and 2-hydroxypropionyl groups at their N termini; such peptides would have calculated monoisotopic masses of about 3,135 and 3,137 Da, which were approximately the masses observed for the two wild-type peptides. However, it is obvious that the statistical error of the mass determinations does not permit further interpretation. We are currently expressing and purifying EciO to determine its precise role in lantibiotic modification and are attempting to characterize the N-terminal modification(s) of the peptide by nuclear magnetic resonance.
The sequence similarity values for all of the gene products of the epicidin 280 and Pep5 gene clusters are in a narrow range, 68 to 75%, suggesting that the entire gene cluster is been mobilized horizontally rather than individual genes. The levels of similarity are unusual; the previously determined values were found to be higher for natural variants, such as epidermin and gallidermin or nisin A and nisin Z, and much lower for more distantly related lantibiotics (1, 32) . For example, the LanB proteins EpiB, NisB, SpaB, and PepB have only 16 to 29% identical residues, whereas EciB and PepB exhibit 54.9% amino acid sequence identity. According to the previously published definition (32) , epicidin 280 and Pep5 certainly are not sufficiently related to be considered natural variants. However, cross-immunity between two bacteriocin producers clearly indicates that the immunity peptides are functionally related, a feature which seems to be hardly possible in the absence of significant structural and conformational similarities of the lantibiotics. This in turn supports the hypothesis that Pep5 and epicidin 280 have identical bridging patterns. In this context it is interesting to compare Pep5 and epicidin 280 with nisin and subtilin. The latter compounds also have identical bridging patterns, and about 60% of the amino acids in their prepeptides, nisA and spaA, are identical. In contrast, the levels of similarity for the biosynthetic enzymes B, C, and T range from 20 to 30%. Nisin-producing lactococcal strains and the subtilin producer B. subtilis ATCC 6639 have not been reported to exhibit cross-immunity, although this may be difficult to assess because the B. subtilis strain produces additional antibiotic substances which interfere with a simple deferred antagonism test. Moreover, the immunity mechanism is more complicated than the immunity mechanism observed with Pep5 and epicidin 280; apparently, an additional ABC transporter supports the immunity proteins NisI and SpaI (20, 35) . The latter proteins exhibit no sequence similarity but share a lipoprotein signal sequence (32) .
MIC determinations revealed that epicidin 280 has reduced antibacterial activities compared to Pep5 for the indicator organisms tested. The elongated type A lantibiotics, such as Pep5, nisin, and epidermin, are able to form potential-dependent pores in bacterial cytoplasmic membranes (31) . Recently, it has been suggested that the peptides remain surface bound during the pore formation process and enter the membrane in a bent conformation, thereby fusing the outer and inner leaflets of the membrane (40, 41) . Conformational studies demonstrated that all of the pore-forming type A lantibiotics contain a central flexible hinge region, and subsequent structure-function studies performed with nisin, epidermin, and Pep5 proved that flexibility is essential for activity (32) . This flexible central region in Pep5 extends from Glu-14 to Phe-23. Epicidin 280 lacks four amino acids in this region and in addition has a proline at position 16. Because of these differences, epicidin 280 may be assumed to be more rigid, which could explain its lower level of bactericidal activity; also, the genetically engineered peptide K18P Pep5 (Table 2) is less active by a factor of 500 than wild-type Pep5 (4). In addition, there is a clear difference in charge distribution between the C-terminal parts of epicidin 280 and Pep5, which is mainly caused by Asp-28 in epicidin 280. While Pep5 has a net charge of ϩ7 with the charges distributed randomly throughout the peptide, epicidin 280 has a charge of ϩ4 and has a net neutral C-terminal region. Analysis of nisin Z mutants showed that negative charges in the C-terminal region of the lantibiotic are detrimental for antimicrobial activity (43) . The reduced antimicrobial activity of epicidin 280 may also explain why, in contrast to Pep5 (4), heterologous expression in S. carnosus is possible. This species and S. simulans are more sensitive to Pep5 than any other known bacteria are, and the immunity levels achieved in S. carnosus may not be sufficient to prevent producing cells from being killed by the heterologous expressed product when it has a particularly high specific activity.
